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HERMETIC SEAL FOR DEVICES WITH 
LIMITED ROTATION 

FIELD OF THE INVENTION 

The present invention relates generally to seals for rotary 
devices, and more speci?cally, to a hermetic seal that 
permits limited rotation of a rotary device. 

BACKGROUND OF THE INVENTION 

Adevice With limited rotation such as a rotary damper has 
a propensity to leak viscous ?uid from its shaft. A primary 
shaft seal is usually placed over the shaft in order to prevent 
this viscous ?uid leakage. HoWever, the primary shaft seal 
does not provide a perfect seal around a shaft of the rotary 
damper, and therefore small amounts of viscous ?uid leak 
out to the external environment. This leaked ?uid often is 
deposited on and causes damage to other instruments in the 
external environment. For example, With respect to a rotary 
damper for a space payload, such as a telescope, the leaked 
?uid may be deposited on optical instruments of the 
telescope, thereby blurring the output images. 

In addition, in other rotary devices, such as vehicle 
motors, a clean vacuum environment around the rotary 
device is necessary for proper operation. Fluid or lubrication 
leakage from a shaft in the rotary device can damage or 
contaminate other items in the exterior environment. 

Therefore, What is needed is a seal for a rotary device that 
prevents viscous ?uid or lubricant (contaminants) from 
leaking and/or escaping to the external environment and that 
provides a clean environment around the rotary device. 

SUMMARY OF THE INVENTION 

In vieW of the above, the present invention provides a 
hermetic seal for devices With limited rotation. The hermetic 
seal includes a plurality of vertical convolutes and a plurality 
of horiZontal convolutes. In a ?rst embodiment, the vertical 
convolutes extend vertically from a device housing to the 
horiZontal convolutes, Which extend horiZontally around the 
shaft. The vertical convolutes are bonded to the device 
housing, and the horiZontal convolutes are bonded to the 
vertical convolutes and to the device shaft. The vertical 
convolutes stretch to permit limited rotation of the device 
shaft While still maintaining a barrier. The horiZontal con 
volutes expand and contract to permit the vertical convolutes 
to fold upon themselves and to accommodate the length 
changes of the vertical convolutes. In a second embodiment, 
the horiZontal convolutes are mounted to the device housing 
and the vertical convolutes. The vertical convolutes are 
mounted to the shaft and to the horiZontal convolutes. In a 
third embodiment, the hermetic seal includes tWo sets of 
horiZontal convolutes. One of the tWo sets of horiZontal 
convolutes is mounted to the device housing and the other is 
mounted to the shaft. The vertical convolutes are mounted to 
both sets of horiZontal convolutes and extend vertically from 
the ?rst set of horiZontal convolutes to the second set of 
horiZontal convolutes. 

The present invention consequently provides a hermetic 
seal for devices With limited rotation that prevents contami 
nant leakage to the exterior environment While de?ning a 
barrier betWeen the device shaft and the device housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Objects and advantages of the present invention Will be 
more readily apparent from the folloWing detailed descrip 
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2 
tion of the preferred embodiments thereof When taken 
together With the accompanying draWings in Which: 

FIG. 1 is an exemplary vieW of a hermetic seal according 
to a ?rst embodiment of the present invention in use With a 
rotary damper; 

FIG. 2 is an exemplary vieW of the hermetic seal shoWn 
in FIG. 1 during shaft rotation; 

FIG. 3 is an exemplary vieW of a cross section of the 
hermetic seal shoWn in FIG. 1 along lines 3—3; 

FIG. 4 is an illustration of the barrier de?ned by the 
hermetic seal shoWn in FIG. 1; 

FIG. 5 is an exemplary vieW of the hermetic seal accord 
ing to a second embodiment of the present invention; and 

FIG. 6 is an exemplary vieW of the hermetic seal accord 
ing to a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring noW to the draWings in Which like numerals 
reference like items, FIG. 1 shoWs a secondary redundant 
hermetic seal 10 (hermetic seal) according to a ?rst embodi 
ment of the present invention in use With a rotary device 12. 
The rotary device 12 shoWn is a rotary shear damper, Which 
Was disclosed in US. patent application Ser. No. 10/302,455 
to Hadden et al., entitled “Rotary Shear Damper”, the 
contents of Which are incorporated herein by reference. The 
rotary device 12 includes a device shaft 14 and a device 
housing 16. HoWever, the hermetic seal 10 is not limited to 
the rotary shear damper 12, as it may be used in any device 
that has limited shaft rotation and that requires a ?uid-tight 
seal around the shaft. 

The hermetic seal 10 includes a plurality of vertical 
convolutes 18 and a plurality of horiZontal convolutes 20. 
The plurality of vertical convolutes (vertical convolutes) 18 
are preferably made from silicon rubber or metal and are 
bonded, Welded, or braZed at their respective ?rst ends 19 to 
the device housing 16 and along each respective length 
portion to each other. The vertical convolutes 18 may be 
manufactured in a manner similar to convolutes for a 
standard belloWs as knoWn by those skilled in the art. The 
vertical convolutes 18 have a vertical length that, as Will be 
more fully discussed beloW, is predetermined in accordance 
With a necessary shaft rotation. The vertical convolutes 18 
extend vertically from the device housing 16 to the device 
shaft 14 and are preferably circularly arranged around the 
device shaft 14 in a star like con?guration (FIG. 3). This 
con?guration is for providing a barrier 26 (FIG. 4) betWeen 
the vertical convolutes 18, the device housing 16, the device 
shaft 14 and an exterior environment, Which is required to be 
free from contaminants in order to prevent contamination of 
the rotary device 12. The horiZontal convolutes 20 may be 
manufactured in a manner similar to the convolutes of a 
belloWs as knoWn by those skilled in the art. The bonding 
may also be done by Welding or braZing. The horiZontal 
convolutes 20 extend circularly in a horiZontal manner 
around the device shaft 14, have a top portion 24 bonded to 
the device shaft 14 and have a belloWs con?guration for 
expanding and contracting. A predetermined number of 
horiZontal convolutes 20 are provided to accommodate 
length changes of the vertical convolutes 18 during opera 
tion. The manner for determining this predetermined num 
ber Will be discussed more fully beloW. 

During operation of the rotary device 12, the device shaft 
14 makes limited rotational movements for the purpose of, 
for example, providing a shear damping velocity or adjust 
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ing the positioning of the device shaft 14. These rotational 
movements are not in?nite. Rather, these rotational move 
ments are limited by the length of the vertical convolutes 18. 
For example, the length of the vertical convolutes 18 may 
permit ?ve complete rotations (1 OT in radians) or more. 
Therefore, the vertical convolutes 18 must be able to accom 
modate these limited rotational movements While still main 
taining the controlled environment or barrier 26 (FIG. 4). 

Referring to FIG. 2, the behavior of the hermetic seal 10 
during rotational movement is shoWn. The vertical convo 
lutes 18 stretch axially during rotational movement to permit 
the device shaft 14 to rotate While maintaining the barrier 26. 
As shoWn in FIG. 2, the length of the vertical convolutes 18 
extends and they begin to fold upon themselves. The 
increase and decrease of the length of the vertical convolutes 
18 Will be referred to as the stroke. The vertical convolutes 
18 must have a vertical length that is suf?cient for the 
desired rotation of the device shaft 14. The rotation of the 
device shaft 14 is related to the vertical length by formula 
(1): 

6 refers to the shaft rotation in radians, L refers to the 
vertical length of the vertical convolutes 18, NC refers to the 
number of vertical convolutes 18, tC refers to the (average) 
thickness of each of the vertical convolutes 18, and di refers 
to the inside diameter of the vertical convolutes 18, Which 
can be no less than the outside diameter of the device shaft 
14. A particular application of the hermetic seal 10 may 
require consideration of additional factors such as, for 
example, the material used for the vertical convolutes 18, the 
amount of bending at the top portions 21 and bottom 
portions 19 of each of the vertical convolutes 18, the amount 
by Which each individual vertical convolute stretches When 
tWisting around the device shaft 14, the shear at the portions 
in Which the vertical convolutes are bonded to another 
portion such as the device shaft 14 and the total number of 
shaft rotations to be achieved, and the number of cycles that 
have to be achieved to meet the expected life. 

The horiZontal convolutes 20 accommodate the length 
changes of the vertical convolutes 18 during rotation of the 
device shaft 14. More speci?cally, as shoWn in FIG. 2, the 
belloWs con?guration of the horiZontal convolutes 20 per 
mits them to expand in order to accommodate the length 
changes of the vertical convolutes 20. This expansion of the 
horiZontal convolutes 20 permits the vertical convolutes to 
fold on themselves While still maintaining the barrier 26. 
The horiZontal convolutes 20 also contract When the vertical 
convolutes 18 return to their original dimensions as the 
device shaft 14 returns to its default position. The number of 
horiZontal convolutes 20 must be suf?cient enough to pro 
vide the necessary expansion consistent With the stroke 
requirement of the vertical convolutes 18. This number is 
determined based upon the stroke requirement of the vertical 
convolutes 18, the diameter of the belloWs con?guration, the 
thickness of the horiZontal convolutes 20, and the ?uid 
pressure among other parameters. However, at a minimum 
the number of horiZontal convolutes 20 must be suf?cient 
enough to provide an amount of stroke in the belloWs 
con?guration (horiZontal stroke) in accordance With formula 
(2): 

HS refers to the stroke provided by the horiZontal convo 
lutes 20, L refers to the vertical length of the vertical 
convolutes 18, NC refers to the number of vertical convolutes 
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4 
18, tC refers to the thickness of the vertical convolutes 18 and 
6 refers to the shaft rotation in radians. 

For example, if the amount of shaft rotation Was at radians 
(180°), the horiZontal stroke Would have to be at least equal 
to the length of the vertical convolutes 18 minus half the 
total thickness of all the vertical convolutes 18. 

Referring to FIG. 5, a hermetic seal 10‘ is shoWn accord 
ing to a second embodiment of the present invention in 
Which like numerals refer to like parts. In the second 
embodiment, the bottom portion 22 of the horiZontal con 
volutes 20 is bonded to the device housing 16 and the top 
portion 24 of the horiZontal convolutes 20 is bonded to the 
plurality of vertical convolutes 18. This con?guration of the 
hermetic seal 10‘ of the second embodiment is essentially the 
reverse of that of the hermetic seal 10 of the ?rst embodi 
ment and can be made in a similar manner. HoWever, 
operation and behavior Will be essentially the same. 

Referring to FIG. 6, a hermetic seal 10“ is shoWn accord 
ing to a third embodiment of the present invention in Which 
like numerals refer to like parts. The hermetic seal 10“ 
includes a second plurality of horiZontal convolutes 20“. The 
second plurality of horiZontal convolutes 20“ has a top 
portion 24“ bonded to the shaft 14 and a bottom portion 22“ 
bonded to the second ends 21 of the vertical convolutes 18 
in a manner similar to the ?rst embodiment. A ?rst plurality 
of horiZontal convolutes 20 have the bottom portion 22 
bonded to the device housing 16 and the top portion 26 
bonded to the ?rst ends 19 of the vertical convolutes 18 in 
a manner similar to the second embodiment. The addition of 
the second plurality of horiZontal convolutes 20‘ provides 
further stroke in the belloWs con?guration for accommodat 
ing the vertical convolutes 18. 

Therefore, the present invention provides a hermetic seal 
10 for devices With limited rotation. The hermetic seal 10 
includes a plurality of vertical convolutes 18 bonded to a 
device housing 16 at their respective ?rst ends 19. Each of 
the plurality of vertical convolutes 18 has a predetermined 
length determined in accordance With the desired rotation of 
the device shaft 14. The hermetic seal 10 may also include 
a predetermined number of horiZontal convolutes 20 bonded 
to the vertical convolutes 18 at one end portion and to either 
the device shaft 14 or the device housing 16 at the other end 
portion. The predetermined number of horiZontal convolutes 
20 is determined in accordance With a stroke requirement of 
the vertical convolutes 18. The plurality of vertical convo 
lutes 18 and the predetermined number of horiZontal con 
volutes 20 de?ne a barrier 26 for preventing contaminant 
leakage to an environment exterior to the rotary device 12. 

While the above description is of the preferred embodi 
ment of the present invention, it should be appreciated that 
the invention may be modi?ed, altered, or varied Without 
deviating from the scope and fair meaning of the folloWing 
claims. For example, the hermetic seal 10 could be provided 
Without the horiZontal convolutes 20. In this embodiment, 
the second ends 21 of the vertical convolutes 18 Would be 
bonded to the device shaft 14 and the barrier 26 Would be 
provided therein. Also, the vertical convolutes 18 could be 
provided around the device shaft 14 in a con?guration 
different than the star-like con?guration. 
What is claimed is: 
1. Ahermetic seal for a limited rotation device comprising 

a plurality of vertical convolutes extending vertically from a 
device housing vicinity to a device shaft vicinity for pre 
venting ?uid leakage to an external environment for de?ning 
a barrier betWeen the shaft and the housing and for permit 
ting limited shaft rotation, the hermetic seal further com 
prising a plurality of horiZontal convolutes extending hori 
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Zontally around the device shaft for accommodating length 
changes of the plurality of vertical convolutes and for 
permitting further shaft rotation. 

2. The hermetic seal of claim 1, Wherein the plurality of 
vertical convolutes are comprised of a ?exible material and 
each of the plurality of vertical convolutes has a ?rst end 
bonded to the device housing. 

3. The hermetic seal of claim 2, Wherein the plurality of 
horiZontal convolutes are comprised of the ?exible material 
and have a top portion bonded to the device shaft and a 
bottom portion bonded to a second end of each of the 
plurality of vertical convolutes for permitting length change 
of the vertical convolutes during shaft rotation. 

4. The hermetic seal of claim 2, Wherein the plurality of 
horiZontal convolutes have a belloWs con?guration that 
expands and contracts in order to accommodate the length 
changes of the plurality of vertical convolutes and for 
permitting further shaft rotation. 

5. The hermetic seal of claim 2, Wherein the plurality of 
horiZontal convolutes are comprised of a ?exible material 
and have a top portion bonded to a second end of each of the 
plurality of vertical convolutes and a bottom portion bonded 
to the device housing. 

6. The hermetic seal of claim 1, Wherein a vertical length 
of each of the plurality of vertical convolutes is related to a 
shaft rotation by a formula that folloWs: 

Wherein 6 refers to the shaft rotation in radians, L refers 
to a vertical length of each of the plurality of vertical 
convolutes, NC refers to a total number of the plurality 
of vertical convolutes, tC refers to an average thickness 
of each of the plurality of vertical convolutes, and di 
refers to an inside diameter of the plurality of vertical 
convolutes. 
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7. The hermetic seal of claim 6, Wherein a total number of 

the plurality of horiZontal convolutes is determined in accor 
dance With a stroke requirement of the plurality of vertical 
convolutes. 

8. The hermetic seal of claim 1, Wherein the plurality of 
vertical convolutes is arranged around the device shaft in a 
circular con?guration for permitting limited shaft rotation. 

9. A hermetic seal for a device With limited rotation 
comprising: 

a plurality of vertical convolutes, each having a ?rst end 
bonded either directly or indirectly to a device housing 
and a second end bonded either directly or indirectly to 
a device shaft; and 

a plurality of horiZontal convolutes in structural commu 
nication With the plurality of vertical convolutes for 
accommodating length changes of the plurality of ver 
tical convolutes; 

Wherein the plurality of vertical convolutes and the plu 
rality of horiZontal convolutes are for de?ning a barrier 
therein and for preventing ?uid leakage to an exterior 
environment. 

10. The hermetic seal of claim 9, Wherein the plurality of 
vertical convolutes extend axially for accommodating lim 
ited rotational movements of the device shaft, and the 
plurality of horiZontal convolutes expand and contract for 
accommodating length changes of the plurality of vertical 
convolutes. 

11. The hermetic seal of claim 9, Wherein the plurality of 
vertical convolutes and the plurality of horizontal convolutes 
are made from one of silicon rubber, plastic and stainless 
steel. 


